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Description 

[0001 ] This is a divisional application to European patent application 92 1 10 601 .9, the disclosure of which is incor- 
porated herein by reference in its entirety. 
5 [0002] This invention relates to polysiloxane-polyether surfactants for polyurethane foam manufacture, and more par- 
ticularly, to polysiloxane-polyether surfactant compositions which contain a minor amount of a salt of an organic acid, to 
aid them in achieving and maintaining a high level of effectiveness. 

Background of the Invention 

10 

[0003] Polyurethane foams are materials made by reaction of a polyol and an organic polyisocyanate in the presence 
of a catalyst, a blowing agent, and a foam-stabilizing surfactant; often, other additives are included as well. 
[0004] A wide variety of each of these reagents is known, and foams having vastly differing properties may be pro- 
duced by appropriate selection of particular combinations of ingredients. Thus, fa example, foam formulations based 
75 on polyester polyols, polyether polyols, and mixtures thereof are known, as are formulations which produce rigid foams, 
conventional flexible foams, and high resilience foams. 

[0005] The surfactants which are used in each of the several types of foam are generally siloxane-polyether block 
copolymers which differ from one another depending upon the particular types of compositions in which they are to be 
employed. Such siloxane polyether copolymers are of two classes-"hydrolyzable" siloxane-polyether block copolymers 

20 in which the polyether blocks are attached to the siloxane blocks via Si-O-C linkages, and "nonhydrolyzable" siloxane- 
polyether block copolymers in which the polyether blocks are attached to the siloxane blocks via Si-C linkages. 
[0006] Siloxane-polyether block copolymer surfactants are very complex mixtures of structures, the precise composi- 
tional nature of which are not readily def inable. For a given nominal "nonhydrolyzaWe" siloxane-polyether copolymer the 
siloxane block has relatively broad molecular weight distribution. Within the siloxane block molecular weight distribution 

25 there are sub-distributions based on the number and spacing of the attachment sites for the polyether blocks. The pol- 
yethers which are attached to the siloxane are also complex distributions of various molecular species, and frequently 
are blends of polyethers of different molecular weights and polarities. 

[0007] The platinum catalyst used to promote hydrosilylation, a reaction which is commonly employed to prepare such 
silicone-polyether copolymers by addition of an Si-H moiety across the double bond of an allyl-started polyether, is also 

30 poorly defined. Some evidence suggests this catalyst is homogeneous and some suggests that it is hetergeneous. 
Trace impurities in the silicone and allyl-containing polyether reactants have a dramatic impact on the hydrosilylation 
reaction. When the reactants are relatively free from platinum inhibitors the hydrosilylation is rapid and the order in 
which the polyethers react appears to be substantially random. The presence of certain trace impurities appears to 
affect both the reaction rate and the selectivity. There are also side reactions such as dehydrocondensation, which 

35 causes the loss of polyether attachment sites and crosslinks the siloxanes. 

[0008] Thus, the potential exists for considerable structural variability in the product surfactant if the proper parame- 
ters are not precisely controlled during its preparation. The extent to which the above variables affect the quality and 
consistency of the resulting siloxane-polyether copolymer surfactants is very dependent upon the nominal structure of 
the particular surfactant being produced, and the way in which the reactants are prepared and purified. 

40 [0009] For each surfactant of a given nominal structure and made by a given process there is a practical optimum 
"ceiling performance" level. Most of the lots of the surfactant will perform in a given urethane foam at or near this level, 
but some preparations of the material, ostensibly identical, will perform somewhat less well. For best performance and 
consistency of the surfactant, it would be very desirable to have the means to modify surfactants to improve their per- 
formance. Prior to the present invention, however, such means for improving the performance of siloxane-polyether 

45 copolymer surfactants intended for use in the manufacture of conventional flexible polyurethane foam apparently have 
not been disclosed in the technical or patent literature, and do not appear to be known to the art 
[001 0] It has been known for a number of years that organic sulfonate or carboxylate salts can be used in combination 
with certain silicone surfactants for rigid polyurethane foam and polyester foam. In some cases these organics were 
used as the sole surfactant. The ability of organic sulfonate or carboxylate salts to function as co-surfactants or as the 

so exclusive surfactant in these two classes of foam has been commonly thought to be due to the high polarity of polyols 
used for rigid and polyester foams (see U.S. Patent No 3,594,334 fa discussion on surface tension lowering). 
[001 1 ] Anionic organic surfactants do not function as surfactants in conventional flexible polyurethane foam. It is pos- 
tulated that this is because they are not sufficiently surface active to adequately reduce the surface tension of the less 
polar polyethers used for conventional flexible polyurethane foam. 

55 [0012] US. Patent 4,751,251 discloses a surfactant composition for rigid polyurethane and rigid polyisocyanurate 
foams, this surfactant composition including from about 15 to about 50 percent each of (1) an aganic surfactant, (2) a 
sil oxan e-polyoxyal kyl en e surfactant, and (3) water, alcohol of 1 to 3 carbon atoms, or a mixture thereof. 
[001 3] U.S. Patent 4,686,240 deals with a process for producing conventional flexible foams and high resilience poly- 
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urethane foams using foam modifiers which are alkali metal or alkaline earth metal salts of BrOnsted acids having PKq 
values greater than one. Among the several classes of foam modifiers disclosed are salts of alkali and alkaline earth 
metals and carboxylic acids. These foam modifiers are used with conventional silicone-polyether surfactants in foam 
preparations. The anions of the salts can be attached to a polyol, a polyether, a silicone-polyether copolymer, or a 
5 hydrocarbon. Generally, the level of the foam modifier employed is a substantial fraction of the sum of the foam modifier 
and the surfactant. In the foam preparation process, the required ingredients are mixed and immediately foamed. The 
240 patent excludes aryl sulfonate salts as foam modifiers, because the pKa of the parent sulfonic acid is less than 1 , 
which is the minimum value permitted under this patent. There is no indication that the foam modifiers are used in con- 
junction with the surfactants. 

w [0014] U.S. Patent 4,184,022 discloses rigid polyisocyanurate foam based on a carbocyclic ester polyol and a resole 
polyether polyol, and employing a catalyst which includes an alkali metal salt of a carboxylic acid. The foam-forming 
composition may also include surfactants. Carboxylate salts such as these are commonly used as catalysts in isocya- 
nurate foams. 

[0015] U.S. Patent 4,146,498 deals with additives for improving certain properties of polyester urethane foam. The 
75 foam-forming compositions contain an organic surfactant and may also include a silicone surfactant The specification 
indicates that both the silicone surfactant and the organic surfactant are employed in amounts up to about 5 parts per 
hundred of the polyol reactant. 

[0016] U.S. Patent 4,107,069 deals with precursors for rigid polyurethane foams, these precursors containing both 
alkali metal salts of carboxylic acids and silicone surfactants. 
20 [0017] U.S. Patent 4,088,615 discloses the use of organic surfactant and silicone surfactant in polyester urethane 
foams. These materials are employed in approximately the same amounts. 

[0018] U.S. Patent 3,821 ,122 discloses that the cloud points (i.e., the water solubility) of hydrolyzable silicone sur- 
factants for conventional f lexftxe polyurethane foam may be improved by forming an alkali salt of a sulfonic acid having 
1 0 to 35 carbon atoms in situ in the surfactant during its preparation. 
25 [001 9] U.S. Patent 3,669,913 discloses the use of a nonionic organic surfactant in combination with a nonhydrolyzabfe 
siloxane oxyalkylene surfactant in conventional flexible polyurethane foam. 

[0020] U.S. Patent 3,594,334 discloses the use of certain combinations of anionic organic surfactants (sulfonates and 
carboxylates) with siloxane-pdyoxyalkylene copolymer surfactants for stabilization of flexible polyester urethane foams. 
[0021 ] U.S. Patent 3,562,786 discloses mixtures of cationic, anionic, nonionic or amphoteric organic surfactants with 

30 silaxane-oxyalkylene copolymer surfactants, the organic surfactants being employed to reduce the surface tension of 
aqueous solutions of surfactants used in applications such as wetting and foaming. The siloxane-exyalkylene copoly- 
mer surfactants of the present invention are neither suggested by the extremely broad and general disclosure of the ref- 
erence, nor shown by any of the examples, which illustrate surfactants having from 0 to a maximum of 20 dimethyl siloxy 
units in the siloxane. Use of the compositions of the reference in flexible polyurethane foams was apparently not con- 

35 templated. 

[0022] German Patent 261 5804, abstracted in Chemical Abstracts Vol. 88, 90441 p, discloses mixtures of a siloxane- 
polyether and sulfonated castor oil used as stabilizers for polyurethane foams based on mixtures of polyether polyols 
and polyester polyols. The sulfonated castor oil was employed at a level of four times that of the siloxane-polyether sur- 
factant. 

40 [0023] Chemical Abstract Volume 87, No. 1 85851 r discusses a composition containing 20% to 65% of a silaxane- 
polyoxy ethylene block copolymer surfactant in combination with 1 0% to 25% of an anionic surfactant for stabilization of 
ester polyurethanes. 

[0024] Chemical Abstract Volume 109, No. 39033g, discloses the use of silicone surfactants in combination with 
organic surfactants for stabilization of polyester polyurethane foams. 
45 [0025] The use of an amine carboxylate salt as a catalyst in polyester foam is taught in European patent application 
E.P. 63-930. 

[0026] Although the art has recognized that organic surfactants and silicone surfactants may be used in specialized 
foams such as rigid foams or polyester foams, as discussed above, the presently claimed surfactant compositions for 
use in conventional flexible polyurethane foams have not been suggested. 

so 

Summary of the Invention 

[0027] The present invention provides a method for improving nonhydrolyzable silicone-polyether surfactants 
intended for use in conventional flexible polyurethane foam production, and improved surfactant compositions. The pri- 
55 mary foam properties which are enhanced by this technology are foam height, foam porosity, and uniformity of foam cell 
structure. 

[0028] The improved surfactant composition of the invention is a mixture comprising a) from about 99.98% to about 
90% by weight of a "nonhydrolyzable" siloxane-polyether copolymer surfactant of the type suitable for use in conven- 
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tional flexible polyurethane foam, this surfactant possessing a siloxane chain containing at least 26 silicon atoms exclu- 
sive of endcapping groups; and b) from about 0.02% to about 10% by weight of an organic acid salt having the general 
formula A a M m ; the amounts recited above being based upon the sum of the siloxane-polyether copolymer surfactant 
and the organic acid salt. In the formula AJ*A m . A is an anionic organic moiety in which the organic portion contains at 

5 least 2 carbon atoms, preferably 2 to 25 carbon atoms, and the anionic portion is an anion selected from the group con- 
sisting of sulfonate, phosphate, phosphinate, phosphonate, and carboxylate; M is a cation selected from the group con- 
sisting of cations of the metals of groups la, lla, and lib of the periodic table, R ^N*, and R^P*. wherein R' is alkyl of 1 - 
1 8 carbon atoms or a phenyl-substituted alkyl group; the subscript a is a number corresponding to the charge of M, and 
the subscript m is a number corresponding to the charge on the anionic portion of A. 

10 [0029] The method for improving a "non-hydrolyzable" siloxane-polyether copolymer surfactant with respect to its abil- 
ity to stabilize a reacting flexible polyurethane foam composition and to facilitate production of high quality foam, com- 
prises the step of adding to such surfactant a low level of an organic acid salt having the general formula AaM m wherein 
A is an anionic organic moiety in which the organic portion contains at least 2 carbon atoms, preferably 2 to 25 carbon 
atoms, and the anionic portion is is an anion selected from the group consisting of sulfonate, phosphate, phosphinate, 

is phosphonate, and carboxylate; M is a cation selected from the group consisting of cations of the metals of groups la, 
lla, and lib of the periodic table, R' N , and R ' 4 P + , wherein R' is alkyl of 1-18 carbon atoms or a phenyl-substituted alkyl 
group; the subscript a is a number corresponding to the charge on M; and the subscript m is a number corresponding 
to the charge on the anionic portion of A. The organic acid salt is employed in the mixture of the surfactant and the 
organic acid salt in an amount from about 0.02% to about 10% by weight of the mixture. 

20 

Detailed Description of the Invention 

[0030] The siloxane-polyether copolymer surfactants with which the organic acid salts are employed are "nonhydro- 
lyzabie" silicone polyether copolymers of the sort used for conventional flexible polyurethane foam. In the following dis- 

25 cussion, these materials will be referred to as the primary surfactants. In these materials, the polyether units are linked 
to the siloxane via Si-hydrocarbon-0 linkages. Such surfactants and their methods of preparation are known to the art. 
More particularly, for purposes of the present invention the siloxane-polyether copolymer surfactants are silicone poly- 
ether copolymers in which the copolymer backbone possesses at least 26 Si-O-Si linkages, more than 50% of the Si 
atoms carry at least two methyl groups, and the sum of the atomic masses of the oxyethyiene units and the oxypropyl- 

30 ene units constitute at least 50% of the average molecular weight of the copolymer. These materials are described by 
the generalized formula I 

(MeaSiO^MegSiO^p^ (I) 

35 wherein 

a + £ = y + 2; 

a o 0 to (y + 2), preferably y + 2; 

p = 25 to 150, preferably 40 to 120, most preferably 50 to 100; 
40 y = 0 to 15, preferably 0 to 3, most preferably 0; 

6 o 1 to 40, preferably 4 to 15, most preferably 5 to 12; 

e a o to 20, preferably 0; 

C a 0 to (y + 2), preferably 0; and 

6 + £ 2> 4 . 

45 

[0031 ] In formula I, the sum of a, p, y, 6, e and i; is greater than or equal to 26 but less than or equal to 200, preferably 
45 to 125, most preferably 60 to 100. 

[0032] The group R is -(CHR') n O(C2H40)x(C2H 3 R w O) z Q or a mixture thereof, in which the average composition has 
n = 2 to 10, preferably 3, and x + z * 20 to 250 , preferably 25 to 100. 
so [0033] The group R' is H, alkyl of 1 to 3 carbon atoms, phenyl, or alkyl-substituted phenyl in which the alkyl substitu- 
ents contain 1 to 3 carbon atoms. R' is preferably H or alkyl of 1 to 3 carbon atoms, and most preferably H. The R* 
groups may be the same or different 

[0034] The group R" is alkyl of 1 to 1 8 carbon atoms, phenyl, or alkyl-substituted phenyl in which the alkyl substituents 
contain 1 to 4 carbon atoms, and is preferably methyl. 
55 [0035] The group Q is selected from the group consisting of: 

H; 

alkyl of 1 to 18 carbon atoms; 
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benzyl; 

alkyl-substituted benzyl in which the alkyl substituents contain 1 to 4 carbon atoms; 
-C0 2 R 2 in which R 2 is alkyl of 1 to 2 carbon atoms; 

-CONHR 3 in which R 3 is alkyl of 1 to 3 carbon atoms, phenyl, or alkyl-substituted phenyl in which the alkyl substi- 
s tutes contain 1 to 4 carbon atoms; and 

-COR 4 in which R 4 is alkyl of 1 to 4 carbon atoms, phenyl, or alkyl-substituted phenyl in which the alkyl substituents 
contain 1 to 4 carbon atoms. 

[0036] Q is preferably alkyl of 1 to 4 carbon atoms or COR 4 in which R 4 is alkyl of 1 to 4 carbon atoms, and is most 

10 preferably methyl or acetoxy. 

[0037] R s is alkyl of 2 to 1 8 carbon atoms, phenyl, phenyl-substituted alkyl of 2 to 3 carbon atoms, or cyano- or f luoro- 
substituted alkyl of 2 to 18 carbon atoms. It is most preferably alkyl of 2 to 18 carbon atoms. 
[0038] Preferred primary surfactants are materials as generally described above, in which y = 0, e = 0, the sum of a, 
p, 6, e, and K is greater than or equal to 45 but less than or equal to 125, and x + z in the average composition for the 

is substituent R is 25 to 1 00. 

[0039] Particularly preferred primary surfactants are materials as generally described above, in which y = 0, e = 0, £ 
= 0, 6 ■ 4 to 40, and the sum of y, p, and 5 is greater than or equal to 60 but less than or equal to 100. 
[0040] Particularly preferred surfactants falling within this definition comprise at least two polyether-containing mate- 
rials of different molecular weights, one having at least 60% by weight of residues of ethylene oxide, and the other hav- 

20 ing at least 50% by weight of residues of propylene oxide. 

[0041] Procedures for synthesizing siloxane-polyether copolymers having siloxane backbones and attached poly- 
alkylene oxide groups are well known. Representative disclosures are provided in U.S. Patents 4,147,847 and 
4,855,379, relevant portions of which are hereby incorporated by reference. 

[0042] Typically, the siloxane-polyether copolymer surfactants of the invention are prepared by causing a polyhydri- 

25 dosiloxane of generalized average formula M**D x D'ylvr* to react with an appropriately chosen allyl-started oxyalkylene 
polymer or blend thereof in the presence of a hydrosilylation catalyst such as chloroplatinic acid. In the formula for the 
poryhydridosiloxane, M" is (CH 3 ) 2 (H)Si0 1 y2 or (CHjJgSiO^. D is (CHaJgSiO^. and D' represents (CHaXHJSiO^. The 
allyl-started oxyalkylene polymers are polyethers having a terminal vinyl group, which may optionally be 2-substituted, 
and containing multiple units derived from ethylene oxide, propylene oxide, or both. 

30 [0043] These reagents are mixed, either with or without a solvent, heated to about 70-85 °C, then the hydrosilylation 
catalyst is added, a temperature rise of about 10-15 °C is observed, and the mixture is finally sampled and analyzed for 
SiH groups by adding an alcohol and base and measuring evolved hydrogen. If a volatile solvent was used, this is 
removed under vacuum, and the mixture is generally neutralized with a weak base such as NaHC0 3 , then filtered. 
[0044] The polyhydridosiloxanes of generalized average formula M^DxD'yM** are prepared in the manner known to 

35 the art. For the case in which M** is (CH^SiO^, an alkyldisiloxane such as hexamethytdisiloxane, a poryhydridosi- 
loxane polymer, and an alkyl cyclosiloxane such as octamethylcyclotetrasiloxane are reacted in the presence of a 
strong acid such as sulfuric acid. For the case in which M** is (CH 3 ) 2 (H)Sr02/2, a hydridoalkyldisiloxane such as dihy- 
dridotetramethyldisitQxane, a polyhydridosiloxane polymer, and an alkyl cyclosiloxane such as octamethylcyclotetrasi- 
loxane are reacted in the presence of a strong acid such as sulfuric acid. 

40 [0045] The allyl-started oxyalkylene polymers, also referred to as polyethers, are likewise prepared in the manner 
known to the art. An allyl alcohol, optionally bearing a substituent on the 2- position, is combined with ethylene oxide, 
propylene oxide, or both, in the presence of an acid or a base, to yield the desired polyether with a terminal hydroxy! 
group. This is typically capped by further reaction with an alkylating or acylating agent such as a methyl halide or acetic 
anhydride, respectively. Other end caps may of course be employed. 

45 [0046] As explained above, the organic acid salt which is used in combination with the siloxane-polyether copolymer 
surfactant in the compositions of the invention is a material having the general formula \f^ m . In this formula, A is an 
anionic organic moiety in which the organic portion contains at least 2 carbon atoms, preferably 2 to 25 carbon atoms, 
and most preferably 6 to 20 carbon atoms, and the anionic portion is an anion selected from the group consisting of 
sulfonate, phosphate, phosphinate, Phosphorate, and carboxytate. 

so [0047] More particularly, A is an organic moiety selected from the group consisting of 

i) organic sulfonates wherein the organic portion is alkyl of 2 to 25 carbon atoms, phenyl, or alkyl-substituted phenyl 
having at least one alkyl group of 1 to 18 carbon atoms, and the number of sulfonate groups is 1 to 3; 

ii) organic carboxylates wherein the organic portion is alkyl of 2 to 25 carbon atoms, phenyl, or alkyl-substituted 
55 phenyl having at least one alkyl group of 1 to 1 8 carbon atoms, and the number of carboxylate groups is 1 to 3; 

iii) organic phosphates wherein each organic group contains 4 to 25 carbon atoms; 

rv) organic phosphinates wherein each organic group contains 4 to 25 carbon atoms; and 

v) organic phosphonates wherein organic groups attached to P contain 1 to 18 carbon atoms, and organic groups 



5 



EP 0 976 781 A2 



attached to O contain 4 to 18 carbon atoms. 

[0048] Preferred anionic organic moieties are materials such as organic sulfonates and carboxytates, and the most 
preferred materials of this class are the alkyl benzene sulfonates. 
5 [0049] M is a cation selected from the group consisting of cations of the metals of groups la, Ha, and lib of the periodic 
table, R' 4 N + , and R' 4 P + , wherein FT is an alkyl group of 1 -1 8 carbon atoms or a phenyl-substituted alkyl group. The sub- 
script a is a number corresponding to the charge on M, and the subscript m is a number corresponding to the charge 
on A. 

[0050] Preferred cations are the cations of group la metals, and the most preferred cations are those of sodium and 
10 potassium. 

[0051 ] Illustrative of the organic sulfonate salts which are useful in the invention are alkyl benzene sulfonates such as 
dodecyl benzene sodium sulfonate, p-toluene sodium sulfonate, and sulfonated petroleum oils. 
[0052] Illustrative of the organic carboxylate salts which are useful in the invention are the sodium or potassium salts 
of fatty acids such as oleic acid, stearic acid, linoleic acid, and palmitic acid, and dimers of unsaturated fatty acids. 
is [0053] Illustrative of the organic phosphate salts which are useful in the invention are dialkyl sodium or potassium 
phosphates such as dioctyl sodium phosphate, dicresyl sodium or potassium phosphate, and didodecyl sodium phos- 
phate. 

[0054] Illustrative of the organic phosphinate salts which are useful in the invention are alkyl phosphinates such as 
bis-(2 1 4,4-trimethylpentyl)-phosphinic acid sodium salt. 
20 [0055] Illustrative of the organic phosphonate salts which are useful in the invention are alkyl phosphonates such as 
octyl phosphonate. 

[0056] The amount of organic acid salt to be employed in combination with a siloxane-polyether copolymer in forming 
the improved surfactant composition of the invention is generally from about 0.02% to about 10% by weight of the sum 
of these materials, preferably from about 0.05% to about 5% by weight of the sum of these materials, and most preter- 
ms ably from about 0.1% to about 2% by weight of the sum of these materials in the composition. As shown by the exam- 
ples below, it is frequently satisfactory to employ the organic acid salt in an amount from about 0.2% to about 1% by 
weight of the sum of the weights of the surfactant and organic acid salt in the composition. 

[0057] The improved surfactant composition of the invention may also include a diluent such as a mono-, dh or triol 
of a polyether, a low molecular weight glycol, or a nonionic surfactant. This diluent has substantially no effect on the sur- 

30 fact ant properties of the improved surfactant composition per se, but may be a material which is chemically reactive in 
the polyurethane foam composition in which the improved surfactant composition is ultimately used. Preferred diluents 
are materials such as polyethers containing ethylene oxide and propylene oxide units and at least one hydroxy! group. 
[0058] Examples of suitable diluents are materials such as dipropylene glycol, ethoxylated nonyl phenols, and a butyl 
alcohol started polyether containing ethylene oxide and propylene oxide units and containing about 50% ethylene oxide 

35 units. 

[0059] When employed, the diluent is used at a level of from about 1% to about 75% by weight of the composition of 
organic acid salt siloxane-polyether surfactant and diluent. 

[0060] The improved surfactant composition of the invention may also include a siloxane-polyether copolymer cell 
opener material such as those disclosed in US Patent Application Serial No. 07/654,232, filed February 12 1991, which 

40 is hereby incorporated by reference. When such a cell opener material is used, it is employed in the composition at a 
level of from about 0.05% to about 40%, preferably from about 0.5% to about 25%, and most preferably from about 1% 
to about 20% by weight, based upon the weight of the primary surfactant in the composition. As the name implies, the 
cell opener material causes the, polyurethane foam made with the surfactant composition to have a higher porosity than 
it would otherwise have, and may additionally improve the height of rise of the foam. 

45 [0061 ] The mechanistic role of the anionic organic salt in flexible polyurethane foam surfactants is not known. 

[0062] Many of the organic acid salts which are useful in this invention may be classified as organic surface active 
agents. The example to be shown below employing para-toluene sodium sulfonate, however, shows that the organic 
acid salt need not be surface active to be effective in improving the performance of siloxane-polyether surfactants. 
Those skilled in the art of anionic organic surfactants know that para-toluene sodium sulfonate is at least two orders of 

so magnitude less surface active than dodecylbenzene sodium sulfonate, a known surfactant and therefore does not qual- 
ify as an organic surfactant because it lacks the hydrophobe needed for surfactancy. 

[0063] The fact that favorable responses are realized when 0.4 wt% or less of the organic acid salt is added to the 
siloxane-polyether surfactant also suggests that the benefits are not simply the result of adding a second foam stabiliz- 
ing surfactant. Typically 1% or less siloxane-polyether surfactant is used in the manufacture of flexible polyurethane 
55 foam. Thus, even if the organic acid salt were used in the siloxane-polyether copolymer surfactant at a level of 5% of 
the composition by weight, this would represent only 500 parts per million in the total polyurethane foam formulation. 
This concentration is much too low to evoke a co-surfactant effect. 

[0064] Replacing the organic acid salt with equal or double the amount of a premium grade of siloxane-polyether sur- 
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factant does not produce the favorable results realized by use of the low levels of organic acid salts. This is unexpected 
because in most urethane foam applications silicone surfactants are more efficient in terms of achieving good heights 
of foam rise than organic surfactants. 

[0065] Also, at least some of the salts (especially the sulfonates) are neutral enough that one would not anticipate any 
5 base-catalyzed chemistry involving the siloxane or the polyether portions of the siloxane-polyether surfactant. Similarly, 
one would not expect such organic acid salts to affect the chemistry of foam generation reactions, such as isocyanate 
trimerization, which could occur with bases such as alkali metal carboxylates, hydroxides, or alkoxides. 
[0066] Typically the organic acid salt is introduced into the siloxane-polyether surfactant as an aqueous solution 
because it is commercially available in that form. In some cases the organic acid salt additive is available as a powder 
10 and is added in that form. Other carriers for the organic acid salt, such as polyethers or glycols, could also be used. 
[0067] In most cases the siloxane-polyether copolymer surfactant and organic acid salt additive are fully soluble at 
the levels used and very little mixing is required. In no case was evidence found suggesting that high intensity mixing 
was important to the enhancement phenomenon. 

[0068] It is preferred that the organic additive be fully soluble in the siloxane-polyether surfactant at the concentrations 

15 being used in the treatment but it is not essential. In Example 14, in which relatively high levels of dodecylbenzene 
sodium sulfonate in water were added to the siloxane-polyether surfactant, the resulting mixture was hazy, yet the 
enhancement in foam performance was still realized. Some solubility is probably needed, but the degree of solubility 
required to give the desired improvement in foam performance will vary depending largely on the composition of the 
organic acid salt Salts such as sodium acetate are not sufficiently soluble to give the desired enhancements. Because 

20 solubility of the organic acid salt depends on the nature of the anionic functional group, i.e. sulfonate, phosphate etc., 
as well as on the ratio of organic to inorganic substituents and the nature of the cation, i.e., whether it be sodium or 
tetramethytammonium, it is not possible to define precisely which features are necessary to give adequate solubility. 
[0069] Generally the performance of the siloxane-polyether surfactants shown in the examples could be raised to their 
potential ceiling performance levels or close to these levels by mixing the organic acid salt and siloxane-polyether sur- 

25 factant at room temperature and allowing the mixture to stand for at least one hour, and preferably for several hours. In 
some cases heating the mixture of components at about 60°C to about 140°C, and preferably about 80°C to about 
120°C for at least one hour and preferably for several hours gave improvements in performance above those seen at 
room temperature. Because the organic acid salts are generally available commercially as aqueous solutions, it is 
sometimes desirable to heat these systems to temperatures at which the water contents can be reduced to low levels 

30 during or following the treatment Treatment temperatures as high as 120°C gave surfactant compositions which pro- 
vided the desired enhancement in foam properties. In these cases, there were no indications of any degradation of the 
surfactant properties upon extended heating. 

[0070] The surfactant compositions of the invention are employed in the manufacture of polyurethane foam in the 
manner known to the art. A method for producing polyurethane foams includes reacting: (a) a polyol alone or in some 

35 instances in combination with other polymers with Zerewitinoff active hydrogen atoms, and (b) an organic polyisocy- 
anate and optionally in the presence of (c) additives to produce the polyurethane product When a foam is being pre- 
pared, these additives generally include catalyst, blowing agent (which may be water), crosslinkers, foam stabilizers, 
and foam softening agents such as Ortegol™ 300, Ortegol™ 310, Geolite™ GM-90, and Carapor™ 2001. The reaction 
and foaming operations can be performed in any suitable manner, preferably by the one-shot technique. 

40 [0071 ] In producing the polyurethane foams using the surfactant compositions of this invention, one or more polyether 
polyols is employed for reaction with a polyisocyanate reactant to provide the urethane linkage. Such polyols have an 
average of at least slightly above 2 and typically 2.1 to 6 hydroxy! groups per molecule. They typically also include com- 
pounds which consist of carbon, hydrogen, and oxygen, and compounds which may also contain phosphorus, halogen, 
and/or nitrogen. Such polyether polyols are well known in the art and are commercially available. 

45 [0072] Polyols useful in the preparation of polyurethane foams are polyether polyols (such as those described in U.S. 
Patent No. 3,346,557), and polymer polyols (such as are described in Re 28,715 and Reissue No. 29,1 18 U.S. Patent 
No. 3,652,639. U.S. Patent No. 3,823,201, U.S. Patent No. 3,850,861, U.S. Patent No. 4,454,255, U.S. Patent No. 
4,458,038, US. Patent No. 4,550,194, U.S. Patent No. 4,390,645 and U.S. Patent No. 4,431,754). 
[0073] The organic polyisocyanates that are useful in producing polyether polyurethane foams in accordance with the 

so teachings of this invention are also well known in the art, and are organic compounds that contain at least two isocy- 
anate groups. Any such compounds or mixtures thereof can be employed. 

[0074] Suitable organic polyisocyanates include the hydrocarbon diisocyanates (e.g., the alkylene diisocyanates and 
the arylene diisocyanates), as well as known triisocyanates. Examples of suitable polyisocyanates are 2,4-diisocyana- 
totoluene, 2,6-diisocyanatotoluene (TDI), methylene bis(4-cyclohexyl isocyanate), isophorone diisocyanate, 1,2-diiso- 
55 cyanatoethane, 1 ,3-diisocyanatopropane, 1 ,2-diisocyanatopropane, 1 ,4-diisocyanatobutane, 1 ,5-diisocyanatopentane, 
1 ,6-diisocyanatohexane, bis(3-isocyanatopropyl)ether, bis(3-isocyanatopropyl) sulfide, 1 ,7-diisocyanatoheptane, 1,5- 
diisocyanato-2,2-dimethylpentane, 1 ,6<liisocyanato-3-methoxyhexane, 1 ,8<iiisocyanatooctane, 1 ,5-diisocyanato- 
2,2,4-trimethylpentane, 1,9-diisocyanatononane, 1,10<liisocyanatodecane. 1,4-diisocyantocylohexane and isomers 
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thereof. 1,10-diisocyanatopropyl)ether of 1,4-butylene glycol, 1,11-diisocyanatoundecane. 1,12-diisocyanatododecane 
bis(isocyanatohexyl) sulfide, 3,5-diisocyanato-o-xylene, 4,6-diisocyanato-m-xylene, 2,6-diisocyanato-p-xylene, tetram- 
ethylxylylene diisocyanate, 2,4-diisocyanato-1-chlorobenzene, 2,4-diisocyanato-1 -nitrobenzene, 2,5-cGisocyanato-1- 
nitrobenzene, 2,4* and 4,4 , -diphenyl methane diisocyanate (MDI), and derivatives thereof. 3,3-diphenyl-methylene 
diisocyanate, and polymethylene poly (phenyteneisocyanates) as described in the literature and in many patents, for 
example. U.S. Patent Nos. 2,683,730; 2,950,263; 3,012,008; 3,344,162; and 3.362,979, and mixtures thereof. 
[0075] Additional aromatic polyisocyanates include p-phenylene diisocyanate. dianisidine diisocyanate, bitolytene 
diisocyanate, naphthalene- 1 ,4-diisocyanate, bis(3-methyl-3-isocyanatophenyl) methane, bis(3-methyl-4-isocyanat- 
opheny1)methane, and 4,4'-diphenylpropane diisocyanate. 

[0076] The preferred polyisocyanate is toluene diisocyanate (TDI), a mixture of 80% 2,4-toluene diisocyanate and 
20% 2.6-toluene diisocyanate. A mixture of 65% 2,4-toluene diisocyanate and 35% 2,6-totuene diisocyanate is also 
available. 

[0077] The urethane foaming reaction is usually effected in the presence of a minor amount of a catalyst, preferably 
an amine catalyst and usually a tertiary amine. 

[0078] It is also preferred to include a minor amount of certain metal catalysts in addition to the amine catalyst in the 
components of the reaction mixture. Such supplementary catalysts are well known to the art of polyether-based poly- 
urethane foam manufacture. For example, useful metal catalysts include organic derivatives of tin, particularly tin com- 
pounds of octanoic acid. 

[0079] Any known catalysts useful in producing polyurethane foams may be employed. Representative catalysts 
include: (a) tertiary amines such as bts(2 l 2'-dimethylamino)ethyl ether, trimethyi amine, triethylamine. N-methylmorpho- 
line, N-ethylmorpholine, N.N-dimethylbenzylamine, N,N-dimethylethanolamine, N.N.N'.N'-tetramethyl-I.S-butanedi- 
amine, triethanolamine, 1,4-diazabicyclo-[2.2.2]octane, hexamethylenetetramine, pyridine oxide and the like; (b) 
tertiary phosphines such as trialkylphosphines, dialkylbenzyfphosphines, and the like; (c) strong bases such as alkali 
and alkaline earth metal hydroxides, alkoxides, and phenoxides; (d) acidic metal salts of strong acids such as ferric 
chloride, stannic chloride, stannous chloride, antimony trichloride, bismuth nitrate and chloride, and the like; (e) 
chelates of various metals such as those which can be obtained from acetylacetone, benzoylacetone. trif luoroacetylac- 
etone, ethyl acetoacetate, salicylatdehyde, cyclopentanone-2-carboxyIate. acetylacetoneimine, bis-acetytacetone- 
alkylenediimines, salicylaldehydeimine, and the like, with various metals such as Be, Mg, Zn, Cd, Pb, Ti, Zr, Sn, As, Bi, 
Cr, Mo, Mn, Fe, Co, Ni, or such ions as M0O2++, UO2++ and the like; (f) alcoholates and phenolates of various metals 
such as Ti(OR) 4 , Sn(OR) 4 , Sn(OR) 2 , AI(OR)3, and the like, wherein R is alkyl or aryl, and the reaction products of alco- 
holates with carboxylic acids, beta-diketones, and 2(N,N-dialkylamino)alkanols, such as the well-known chelates of tita- 
nium obtained by said or equivalent procedures; (g) salts of organic acids with a variety of metals such as alkali metals, 
alkaline earth metals, Al, Sn, Pb, Mn, Co, Bi, and Cu, including, for example, sodium acetate, potassium laurate, cal- 
cium hexanoate, stannous acetate, stannous octoate, stannous oleate, lead octoate, metallic driers such as manga- 
nese and cobalt naphthenate, and the like; and (h) organometallic derivatives of tetravalent tin, trivalent and pentavalent 
As, Sb, and Bi, and metal carbonyls of iron and cobalt. 

[0080] Among the organotin compounds that deserve particular mention are dialkyttin salts of carboxylic acids, e.g., 
dibutyttin diacetate, dibutyftin dilaureate, dibutyltin maleate, dilauryrtin diacetate, dioctyltin diacetate, cGbutyttin-bis(4- 
methylaminobenzoate), dibutyltin-bis(6-methylaminocaproate), and the like. Similarly, there may be used a trialkyttin 
hydroxide, dialkyttin oxide, dialkyttin dialkoxide, or dialkyttin dichloride. Examples of these compounds include trimeth- 
yttin hydroxide, tributyttin hydroxide, trioctyttin hydroxide, dibutyltin oxide, dioctyltin oxide, dilauryltin oxide, dibutyttin- 
bis(isopropaxide) dibutyltin-bis(2<limethylaminopentytate), dibutyltin dichloride, dioctyltin dichloride, and the like. 
[0081 ] The tertiary amines may be used as primary catalysts for accelerating the reactive hydrogen/isocyanate reac- 
tion or as secondary catalysts in combination with one or more of the above-noted metal catalysts. Metal catalysts, or 
combinations of metal catalysts, may also be employed as the accelerating agents, without the use of amines. The cat- 
alysts are employed in small amounts, for example, from about 0.001 percent to about 5 percent based on the weight 
of the reaction mixture. 

[0082] Representative crosslinker examples include but are not limited to: glycol amines; diethanolamine, trieth- 
anolamine, monoethanolamine, methyldiethanolamine, isopropanolamine, 2-hydroxyethylpiperazine, aminoethyleth- 
anolamine, 2-aminoethanol, Quadrol* amines; aminoethytpiperazine, p-phenylenediamine, m-phenylenediamine, 
diisopropanolamine, glycols; sorbitol, ethylene glycol, glycerine. 

[0083] Blowing agents such as water are typically employed to generate carbon dioxide in &ftu. Additional blowing 
agents which are vaporized by the exotherm of the reaction are also commonly employed. Suitable blowing agents, for 
example, indude generally, water from about 0.1 to about 10 weight percent, based upon total weight of polyol or other 
suitable blowing agents which are vaporized by the exotherm of the reaction, or a combination of water and the other 
blowing agent Illustrative polyurethane blowing agents indude halogenated hydrocarbons such as trichloromonof luor- 
omethane. dichlorodifluoromethane. dichloromonofluoromethane, dichloromethane, trichloromethane, 1,1-dichloro-1- 
fluoroethane, 1,1,2-trichloro-1,2 ( 2-trifluoroethane, hexafluorocyclobutane, octafluorocyclobutane, and the like. Another 
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class of blowing agents include thermally unstable compounds which liberate gases upon heating such as N.N'-dime- 
thyl-N.N'-dinitrosoterephthalamide, amine formates, formic acid, and the like. The generally preferred method of foam- 
ing for producing foams is the use of water, or a combination of water plus a f tuorocarbon blowing agent such as 
trichloromonof luoromethane. The quantity of blowing agent employed will vary with factors such as the density desired 
5 in the foamed product. 

[0084] Other additives may of course be employed to impart specific properties to the foam. Examples are materials 
such as flame retardants, pigments, antistatic agents, and processing aids. 

[0085] The product polyether-based polyurethane foams of this invention may be formed in accordance with any of 
the processing techniques known to the art. such as, in particular, the "one shot" technique. In accordance with this 
10 method, foamed products are provided by carrying out the reaction of the polyisocyanate and polyether polyol simulta- 
neously with the foaming operation. It is sometimes convenient to add the surfactant to the reaction mixture as a premix- 
ture with one or more of the blowing agents, polyether, polyol, and catalyst components. 

[0086] It is to be understood that the relative amounts of the various components of the foam formulation are not nar- 
rowly critical. The polyether polyol and polyisocyanate are present in the foam-producing formulation in a major amount. 
is The relative amounts of these two components in the mixture are well known to the art. The blowing agent, catalyst, 
and surfactant are each present in a minor amount sufficient to foam the reaction mixture. The catalyst is present in a 
catalytic amount, i.e., that amount necessary to catalyze the reactions to produce the urethane at a reasonable rate, 
and the surfactant is present in an amount sufficient to impart the properties desired. 

[0087] In a typical preparation, the polyether polyol, surfactant composition, amine catalyst, and blowing agent are 
20 mixed together, then stannous octoate is added with stirring, and finally toluene diisocyanate is mixed in and the com- 
position is allowed to foam and polymerize. 

[0088] The foams of the present invention can be used with advantage in the manufacture of textile intertiners, cush- 
ions, mattresses, padcfing, carpet underlay, packaging, gaskets, sealers, thermal insulators and the like. They are also 
advantageously used in flame retardant applications. 

25 

Definitions and Identifications of Materials 

[0089] The following terms are employed herein as defined below. Various materials are also defined below for the 
convenience of the reader. 

30 [0090] The term air flow refers to the volume of air which passes through a 0.5 inch thick 2 inch diameter circular sec- 
tion of foam at 0.5 inches of pressure. Units are expressed in standard cubic feet per minute. A representative commer- 
cial unit for measuring air flow is manufactured by Custom Scientific Instruments Inc., of Kearny, New Jersey and 
identified as Nopco CS-145. 

[0091] The poly ethers employed in synthesizing the silicone-polyether copolymers are allyl-started materials which 
35 are distributions of various polyether species. The average numbers of alkylene oxide units are indicated by subscripts. 
The nominal molecular weight is the average m.w. of the species comprising the mixture. 

[0092] Blend average molecular weight (BAMW) is the weighted average molecular weight of the mixture of poly- 
ethers employed in synthesizing the silicone-polyether copolymers, the weighting taking account of the relative 
amounts of materials in the mixture. The blend average molecular weight is the overall average atomic mass of the pd- 
40 yethers constituting the mixture. The term is also employed herein to refer to the polyethers in the silicon-polyether 
copolymers. 

[0093] NIAX® Polyol 18-56 is a proprietary commercial product of the A C West Virginia Polyol Company. 
[0094] In accordance with generally-accepted usage, the following symbols are defined as shown: 

45 M refers to (CHafeSiO^; 

IvV refers to (HXCH^iO^; 

D refers to (CHs^SiO^; 

D' refers to (H)(CH 3 )Si02^; and 

D" refers to FKCH^SiO^. where R is a polyether-containing group. 

50 

[0095] In this terminology, the numerator of the fraction relating to the oxygen atom(s) indicates the number of oxygen 
atoms attached to the silicon atom of the given unit, and the denominator refers to the number of silicon atoms to which 
the oxygen atom(s) bond. 

[0096] The units of the silaxane are sometimes also written in a manner which does not indicate sharing of oxygen 
55 atoms, for convenience. For example, D is sometimes shown as (CH3) 2 SiO, or Me2SiO. D" is sometimes shown as 
R(CH 3 )SiO or R(Me)SiO, and so forth. As indicated above, CH 3 is sometimes abbreviated as "Me". Thus, the hypothet- 
ical material 
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CH^ CH-a CHo CHt 

I I I I I 

H 3 C-Si-0-Si-O-Si-0-Si-0-Si-H 

I I I I I 

CHg H R CHj 

might be written as 

Me3SiO(Me2)SiO(Me)(H)SiO(Me)(R)SiOSi(Me) 2 H 

or as 

MDD'DTvT 

[0097] When a siloxane contains multiple units of a given type, the average number of these is indicated by a subscript 
in the formula. Such a subscript does not indicate such units are contiguous, and in fact they are not, except in special 
circumstances. 

[0098] L-31 is a polyhydndomethylsiloxane polymer having the general formula MD'^qM. 

[0099] Toluene diisocyanate (TDI) was a mixture of approximately 80% of the 2,4-isomer and 20% of the 2,6-isomer. 

[0100] Niax® Catalyst A-200 is a proprietary product of Union Carbide Chemicals and Plastics Company, Inc. 

[01 01 ] DBSS stands for dodecylbenzene sodium sulfonate. 

[01 02] PTSS stands for para-toluene sodium sulfonate. 

[01 03] The sodium phosphinate of Example 24 was Bis-(2,4 l 4-trimethylpentyl)phosphinic acid, sodium salt. 
[0104] As employed herein, the term pphp means parts per hundred of polyoL 

[01 05] In the following examples and tables, the structures of the SiH fluids are equilibrium distributions and are actu- 
ally comprised of a minor amount of cyclic material and predominant amount of linear species. In the syntheses of the 
surfactants, the entire equilibrium distribution was used without removing the more volatile components, though it is 
possible to remove and recycle these volatiles. One of the endWockers used in these siloxane copolymers is MM, which 
frequently contains hydrocarbon impurities. The weights of charges employed in the various preparations refer to active 
components. 

[0106] Similarly, the polyethers employed in the hydrosilylation reactions contain inactive components, primarily pol- 
yethers not containing ally) groups. When the blend average molecular weights and amounts of the polyethers are com- 
puted, it is necessary to compensate for the amounts of inactive components. In this work, whenever the polyether to 
be employed contained both ethylene oxide and propylene oxide units, a fixed ratio of ethylene oxide to propylene oxide 
was used throughout the preparative reaction. 

[0107] The following examples illustrate the invention, and are not intended to be limiting. 



Experimental Procedures 



[0108] The procedures used for preparing the silicone-polyether copolymers were basically the same for all of the 
copolymers described in this invention and are essentially the same as those published in a number of patents. 
[0109] In some of the examples shown in this application, the siloxane-polyether copolymer surfactant and the organic 
acid salt were premixed and allowed to stand at room temperature for at least one hour. In some cases the materials 
were premixed and heated at a temperature between 80°C and 120°C for 2-4 hours. Details are provided in the tables. 



Preparation of SiH Fluids 



[011 0] To a 500 ml. round bottom flask equipped with a glass stirring rod with Teflon blade and an air-driven stirrer 
motor were charged the desired amounts of hexamethyldisiloxane (MM), octamethylcylotetrasiloxane (D4), L-31, and 
sulfuric acid. The flask was stirred for 24 hours at ambient temperature. The flask contents were then slowly neutralized 
with an excess of dampened sodium bicarbonate. The product was treated with 0.5 wt% activated carbon and pressure 
filtered to give a colorless liquid which was characterized by SiH content and viscosity. The charges used for the prep- 
arations are shown in Table 1 . 
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Table 1 



Charges used for Preparation of SiH Fluids 


Product 


MM(g) 


Cyclic D 4 (g) 


L-31g 


H 2 S0 4 (g) 


Fluid A 


7.53 


276 


16.1 


6.24 


Fluid B 


7.74 


266 


26.1 


6.24 



10 

Preparation of Siloxane-Polyether Copolymers 

[01 1 1 J A 500 ml. round bottom flask fitted with a glass stirring rod having a Teflon blade with an air-driven stirrer motor 
were charged with the desired polyether or blend of polyethers (using a 30 mole % excess), SiH fluid, and toluene. The 

is flask was equipped with a thermometer, condenser, and a nitrogen sparge tube. The mixture was heated to about 80°C 
with a slow nitrogen purge and then an ethanol solution of chloroplatinic acid (10mg. Pt/ml.) was added to give 15 ppm 
of Pt An exotherm of several degrees and a change from "cloudy" to "clear" were noted. After about one-half hour a 
sample of this material showed no residual SiH as determined by reaction with an ethanol solution of KOH in a fermen- 
tation tube. The material was neutralized with sodium bicarbonate and stripped at 1 25750 min. to remove toluene, then 

20 pressure filtered. The charges used for the preparations are shown in Table 2. 



Table 2 



Charges used for Preparation of Siloxane-Polyether Copolymers 


SiH Fluid 


Polyethers 


Toluene 


Designation 


gms 


Composition 


gms 


BAMW 




Fluid A. 


50.6 


P-1, P-3 


149.6 


2250 


85.6 


Fluid B. 


51.8 


P-1, P-2 


148.4 


1300 


85.6 


P-1 = an allyl started, acetoxy capped polyether having a molecular weight of 4032, containing 37.1 % ethylene 


oxide residues and 60.4 % propylene oxide residues. 








P-2 = an allyl started, acetoxy capped polyether having a molecular weight of 584, containing 82.9 % ethylene oxide 


residues and 0.0 % propylene oxide residues. 








P-3 o an allyl started, acetoxy capped polyether having a molecular weight of 1498, containing 35.2 % ethylene 


oxide residues and 58.1 % propylene oxide residues. 









Blends of SMrfqcfcnts artf Organic AcM Salt? 

40 

[0112] The procedure for making the blends of surfactant and organic acid salts is not important providing that min- 
imum time requirements are met. The blends were prepared in an air atmosphere. Typically, the surfactant was charged 
to an open flask equipped with a Teflon blade and air-driven stirrer motor. To this was added the designated amount of 
organic acid salt. In the majority of the cases the organic acid salt (40%) was added as an aqueous solution. The result- 
45 ing solution was stirred for the designated time (at least one hour). The temperatures were ambient, 80°C, 85°C, or 
120°C as indicated. The products were foam tested without further processing. 
[011 3] The surfactants were evaluated in the polyurethane foam formulation shown below in Table 3. 



so 



55 
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Table 3 



Polyurethane Foam Test Formulation 


Material 


pphp (wt) 


NIAX® Polyol 16-56 


100 


Distilled water 


5.5 


NIAX® Catalyst A-200 


0.2 


Methylene chloride 


10.0 


Stannous octoate 


0.23 


Toluene diisocyanate(TDI) a 


69.44 


Surfactant 


varied 



Footnote for Table 3: 

a) The TDI was employed at a level of 1 12 
percent of the stoichiometric amount. 



Procedure for Preparation and Testing of Polyurethane Foams 

[0114] The temperature of the laboratory, the polyol and TDI were noted. A 32 oz. paper cup was charged with NIAX 
25 Polyol 16-56 (250g), the surfactant to be evaluated, amine/water premix (containing 13.75 g of water and 0.5 g of NIAX 
Catalyst A-200), and methylene chloride (25 g). The mixture was stirred for 15 seconds, then stirring was stopped. After 
20 seconds total elapsed time stannous octoate (0.575 g. 0.46 ml) was added to the reaction mixture. Stirring was 
started and the mixture was stirred for 8 seconds before adding 80/20 toluene diisocyanate (1 73.6 g, 1 12% of the sto- 
ichiometric amount) with continuous stirring for an additional seven seconds. The stirrer was then stopped and the reac- 
30 tion mixture was dumped into a five gallon plastic bucket. The maximum height of the foam at blowoff, the amount of 
top collapse at constant rise on the strip chart via an ultrasonic depth monitor, and the rise time were recorded. The 
foam was then cured, typically for about 10-15 minutes at 120°C to 125°C. A core sample was cut from the center of 
the foam. The core sample was sliced into 1/2 inch thick specimens. The specimen between 3.5 and 4.0 inches from 
the bottom of the foam was used to determine the breathability (airflow volume through a 2-inch diameter circular cross 
35 section at 0.5 inches pressure). Foam height was defined as the resulting height of the foam after the initial top collapse. 
[01 15] It should be borne in mind that with some of these types of surfactants, rf too high a level of surfactant is used 
in the foam preparation, air flows suffer. The optimum amount of surfactant is that which gives the best combination of 
height of rise and air flow. 

[01 1 6] Results of tests on foams prepared using various preparations of siloxane-polyether copolymer surfactants and 
40 organic acid salts are reported in Tables 4 and 5 below. In these tables, the amounts of the organic acid salt additives 
are given as a percentage of the total mixture of siloxane-polyether surfactant, organic acid salt and any water; the test 
concentrations are the amounts of the surfactant compositions used in the foams, expressed as parts per hundred of 
polyol; and air flows of the resulting test foams are given in units of standard cubic feet per minute. 
[0117] For each type of siloxane-polyether copolymer surfactant, several preparations of surfactant material were 
45 tested. Siloxane polyethers referred to as Type A and Type B in the following text are based on the SiH fluids described 
in Table 1 and were prepared using the reagents shown in Table 2. The numbers shown in the left-most column refer to 
exemplary experimental runs. For the surfactant of type B, generally acceptable performance in the test foam formula- 
tion would give a rise height of at least 36 cm, and an air flow of at least 4 scfm. Such results do not indicate optimum 
performance, however. 

50 



55 
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Table 4 



Siloxane-Polyether Type A 


Preparation #1 












Additive 


Icliip 1 ill lo 


Tact 


Foam Properties 








Rise(cm) 


Air Flow 


1. 


None(control) 




0.6 


37.7 


6.1 


2. 


0.4% DBSS 


80°C/6hr. 


0.6 


38.2 


6.8 




0.6% Water 










Preparation #2 












Additive 


Temp Time 


Test Cone. 


Foam Properties 








Rise(cm) 


Air Flow 


3. 


None(control) 




0.6 


37.4 


6.8 


4. 


0.4% DBSS 


r.t./24hr. 


0.6 


38.0 


7.4 




0.6% Water 











[0118] The results given in Table 4 show that addition of DBSS to each of two preparations of a siloxane-polyether 
surfactant at a level of 0.4% by weight of the surfactant composition improves its performance in polyurethane foam 
manufacture, and that for this surfactant it does not seem to matter if the surfactant composition containing the additive 
is heated or not. Each preparation gave acceptable performance, but the performance of each was improved by addi- 
tion of organic acid sari. 
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Table 5. Siloxane-Polvether Surfactant Type B 

Preparation #1 



Additive 

5. None (control) 

6. 0.4X DBSS 
0.6Z Water 

7. 0.4X DBSS 
0.6X Water 

8. 0.4X DBSS 
0.6X Water 

9. 0.4X DBSS 
0.6X Water 

10. 0.4X DBSS 
0.6X Water 

11. 0.2X DBSS 
0.3X Water 

12. 0.4X DBSS 
0.6X Water 

13. 0.8X DBSS 
1.2X Water 



Temp 
Time 



Test Foam Properties 
Conca. RlaalgaJ Air Flo* 



0.6 
0.6 



rt/15 min 

rt/24 hr. 0.6 

rt/72 hr. 0.6 

85»C/4 hr. 0.6 

120'C/l hr. 0.6 

85»C/1 hr. 0.6 

85»C/1 hr. 0.6 

85«C/1 hr. 0.6 



35.0 
37.4 

37.8 

38.5 

39.2 

38.8 

39.4 

37.4 

38.4 



2.3 a 
3.1* 

4.8 C 

4.9 d 

5.0 

4.8 

5.0 

4.5 

4.6 
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Table 5. Siloxane-Polvethgr Surfactant Type B Cent 

F reparation #1 Cont. 

85»C/1 hr. 



14. 1.61 DBSS 
2.4X Water 

15. 0.41 PTSS 
Preparation #2 

Additive 

16. None (control) 

17. 0.41 BBSS 
0.61 Water 

Preparation #3 

Additive 

18. None (control) 

19. 0.4X DBSS 
0.6X Water 

20. 0.4X 

Potassium 
oleate 
0.61 Water 

Preparation #4 

Mdiiixc 

21. None (control) 

22. 0.4Z DBSS 
0.6X Water 



85*C/2 hr. 



Temp 

Time 



85»C/4 hr. 



Temp 
Time 



85»C/4 hr. 
85»C/7 hr. 



Temp 
Time 



80*C/6 hr. 



0.6 
0.6 



Test 

Gone . 



0.6 
0.6 



Test 

Gone. 

0.6 
0.6 

0.6 



Test 

Cone. 

0.6 
0.6 



38.2 
39.4 



5.0 
4.4 



Foam Properties 
Riaefca) Air Flog 



37.4 
38.2 



4.7 
5.0 



Foam Properties 
Rlaelml, Air Flow 



35.5 
38.2 

38.4 



3.3 
4.7 

5.6 



Foam Properties 
Rlae(ca) Air Flog 



37.4 
37.9 



6.0 
7.5 
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Table S. Slloxanc-Polvether Surfactant Type B Cont. 



Preparation #5 

23. None (control) 

24. Sodium 
Phosphinate 

Preparation #6 

25. None (control) 

26- 0.4X DBSS 
0.6X Water 

27. O.tt DBSS 
0.61 Water 



Temp Test 
lifflfi Cone, 

1.4 

85 # C/* hr. 1.4 

Temp Test 
ZiOfi Cone. 

0.5 

r.t./92 hr. 0.5 
120 # C/4 br. 0.5 



Foam Properties 
RinefciiO Air Flow 

32.2 (a) 

37.4 2.4 

Foam Properties 
RiBe(em) Air Flow 

34.8 3.4 b 

37.4 3.8 C 

37.6 5.3 



Footnotes for Table 5: 

(a) Voids in foam prevented an air flow 
determination. 

(b) Splits in top of foam and large internal voids 

(c) Splits in top of foam. , 

(d) No top splits or internal voids. 



[01 19] In Table 5, Example 6 shows that 1 5 minutes after addition of the organic acid salt the performance of the sur- 
factant in foam production has improved substantially, and Example 7 shows that 24 hours after mixing, the surfactant 
performance has improved further, particuarly in terms of providing foam having good air flow (porosity or breathabilrty). 
Example 8 shows that further aging affords only minimal additional improvements. 

[01 20] Examples 9-10 show that heating the surfactant composition appears to improve the height of rise somewhat 
relative to the treated surfactant used without heating. Examples 11-13 show that the amount of additive employed does 
not appear to have a substantial effect on performance of the surfactant composition, but that heating the composition 
at 85°C for as little as one hour provides substantially the same results as heating at higher temperatures or for longer 
times. Example 1 5 shows that addition of an organic acid salt which is not an organic surfactant also serves to improve 
the performance of the test surfactant. 

[0121] Example 17 shows that when the unmodified surfactant is close to its performance ceiling, addition of an 
organic acid salt affords a relatively modest improvement in performance. 

[0122] Examples 19 and 20 show that the addition of the carboxylate-containing organic acid salt potassium oleate 
to a surfactant results in improved performance similar to that achieved using DBSS, though a direct comparison is 
impossible since the compositions were heated for different times. Both improve the height of rise and the breathability 
of the resultant foam substantially. 

[01 23] Example 22 shows that DBSS-modrfied surfactant improved the performance of a surfactant which initially per- 
formed reasonably well. Heating in this instance was at a slightly lower temperature than in other runs, but this is not 
considered to have had a significant effect on the results. 
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[0124] Example 24 shows that use of the listed sodium phosphinate improved both the height of rise and the cell 
structure of the resultant foam, relative to foam produced from a poor -performing unmodified surfactant. 
[01 25] Examples 26 and 27 show that while adding the organic acid salt to the surfactant without heating the compo- 
sition will improve the surfactant's performance, heating the modified surfactant composition can improve the height of 
5 rise and the breathability further. 

) Claims 

1. A composition obtainable from a mixture of a siloxane-polyether surfactant and an organic acid salt which was 
10 allowed to stand for a period of at least 1 hour or which has been heated at a temperature of from 60°C to 140°C 

for at least 1 hour, said mixture comprising: 

a) from 99.93% to 90% by weight of at least two "nonhydrolyzable" siloxane-polyether copolymer surfactants 
of the type suitable for use in flexible polyurethane foam, said surfactant possessing a siloxane chain contain- 

15 ing at least 26 silicon atoms exclusive of endcapping groups and wherein said at least two surfactants have a 

different molecular weight, one having at least 60% by weight of residues of ethylene oxide, and the other hav- 
ing at least 50% by weight of residues of propylene oxide; and 

b) from 0.1% to 1% by weight of an organic acid salt having the general formula A a M m , the amounts recited 
above being based upon the sum of the silozane-polyether copolymer surfactant and the organic acid salt, 

20 wherein: 

* A is an anionic organic moiety in which the organic portion contains at least 2 carbon atoms, and the ani- 
onic portion is an anion selected from the group consisting of sulfonate, phosphate, phosphinate, phos- 
phonate, and carboxylate; 

25 M is a cation selected from the group consisting of cations of the metals of groups la, Ha, and lib of the 

periodic table, R* 4 N + , and R^P*. wherein R' is alkyl of 1-18 carbon atoms or a phenyl-substituted alkyl 
group; 

* a is a number corresponding to the charge of M; and 

* m is a number corresponding to the charge on the anionic portion of A. 

30 

2. The composition of claim 1 wherein said siloxane-polyether copolymer surfactants have the nominal general for- 
mula 

(MeaSiO^afM^SiO^pf (I) 

35 

wherein 

a + £ » y + 2 ; 

a = 0to(y+2); 
40 p = 25 to 150; 

Y = 0to15; 

6 = 1 to 40; 

e = 0 to 20; 

C = 0to(Y + 2);and 
45 5 + £ * 4; 

the sum of a, p, y, 6, e and £ being greater than or equal to 26 but less than or equal to 200; and 
R is -(CHR , )nO(C2H40) x (C2H3R"0) 2 Q or a mixture thereof, in which the average composition has 
no 2 to 10; and 
x + z = 20to250; 

so R' is H, alkyl of 1 to 3 carbon atoms, phenyl, or alkyl -substituted phenyl in which the alkyl substituents contain 

1 to 3 carbon atoms, and where there are several R* groups, these may be the same or different; 
R w is alkyl of 1 to 18 carbon atoms, phenyl, or alkyl-substituted phenyl in which the alkyl substituents contain 1 
to 4 carbon atoms; 

Q is selected from the group consisting of: 
55 H; 

alkyl of 1 to 18 carbon atoms; 
benzyl; 

alkyl-substituted benzyl in which the alkyl substituents contain 1 to 4 carbon atoms; 
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-C0 2 R 2 in which R 2 is alkyl of 1 to 2 carbon atoms; 

-CONHR 3 in which R 3 is alkyl of 1 to 3 carbon atoms, phenyl, or alkyl-substituted phenyl in which the alkyl sub- 
stitutes contain 1 to 4 carbon atoms; and 

-COR 4 in which R 4 is alkyl of 1 to 4 carbon atoms, phenyl, or alkyl-substituted phenyl in which the alkyl substit- 
5 uents contain 1 to 4 carbon atoms; and 

R 5 is alkyl of 2 to 18 carbon atoms, phenyl, phenyl-substituted alkyl of 2 to 3 carbon atoms, or cyano- or f luoro- 
substituted alkyl of 2 to 18 carbon atoms. 

3. The composition of claim 1 or 2 wherein said organic acid salt is selected from the group consisting of dodecylben- 
10 zene sodium sulfonate, 

para-toluene sodium sulfonate, potassium oieate, and bis-(2 t 4,4-trimethytpentyl)phosphinic acid sodium salt 

4. A method for improving "non-hydrolyzable" siloxane-polyether copolymer surfactants as defined in claim 1 with 
respect to their ability to stabilize a reacting polyurethane foam composition and to facilitate production of high qual- 

75 rty foam, comprising the steps of : 

adding to said surfactant an organic acid salt as defined in claim 1 or 2, 

said organic acid salt being employed in the resulting mixture of said surfactant and said organic acid salt in an 
amount from 0.1% to 1% by weight of said mixture. 
20 and allowing said mixture to stand for a period of at least one hour or heating said mixture at a temperature of 

from60°Cto140°C. 

5. The method of claim 4 wherein said organic acid salt is selected from the group consisting of dodecyl-benzene 
sodium sulfonate, para-toluene sodium sulfonate, potassium oieate, and bis-(2,4,4-trimethlypentyl) phosphinic acid 

25 sodium salt. 

6. The method of claim 4 wherein the mixture of said siloxane-polyether surfactant and said organic acid salt has been 
aged for a period of at least one hour, and has been heated at a temperature of from 60°C to 140°C. 

30 7. A flexible polyurethane foam made with the composition of any one of claims 1 to 3. 
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